Most Latin American countries have experienced an accelerated decrease in mortality since the mid-1950s, translating into continuous improvements in life expectancy. Although this phenomenon stems from several factors, the reductions in infant mortality, especially due to the decline in infectious and parasitic diseases, explain most of the advances ([@B1]-[@B4]).

The idea that the reduction in infant mortality is the only cause of this process does not tell the complete story. Reductions in adult mortality are relatively small compared to infant mortality, but that does not mean they do not contribute to overall changes in mortality. Soares ([@B2]) shows that the probability of an individual dying between ages 15 and 60 years old in Latin America fell around 35% from 1960 to 2000. As Latin America moves forward in the demographic transition and the epidemiological transition, mortality declines are expected to depend less on young ages and more on adult and advanced ages ([@B5]-[@B8]).

These reductions in mortality for persons aged 15 to 60 are associated with changes in the profile of the leading causes of death ([@B3], [@B9]-[@B11]). During most of the transition process, the reduction in infectious diseases helped to explain the decline in adult mortality. In recent decades, however, the role played by changes in heart diseases, neoplasms, diabetes, and other chronic degenerative diseases has become more prominent ([@B2]-[@B4], [@B9]-[@B11]). Socioeconomic changes and adoption of deleterious behaviors, such as poor diet, sedentarism, and smoking, have been the leading factors for the increase in mortality from chronic degenerative diseases in Latin America in recent years ([@B3], [@B4], [@B12], [@B13]).

Another striking feature of the mortality pattern in Latin America, especially in Brazil, Colombia, Ecuador, and Mexico, has been the increasing number of deaths from violence and accidents since the 1980s. These levels are still high in many countries, and there is a concentration of these deaths among young adult males ([@B3], [@B11], [@B13]-[@B18]). Frenk et al. ([@B18]) argue that the mortality from these causes in Latin American countries is independent of the epidemiological transition and is strongly associated with political instability, economic inequality, social segregation, and drug trafficking.

The pace of change in the mortality pattern is very heterogeneous ([@B3], [@B4], [@B5], [@B18]). The diversity in behavior patterns, development levels, and technology assimilation processes among and within countries has a fundamental role in determining the decline in mortality levels, as well as the changes in the pattern of causes of death across Latin America.

The epidemiological profile changes in Latin America have been widely studied in recent decades ([@B2]-[@B6], [@B8], [@B11], [@B13], [@B17], [@B19]-[@B26]). However, to our knowledge, there are few studies performing cross-country comparisons and discussing regional similarities and differences in the process of epidemiological transition ([@B2]-[@B5], [@B11], [@B17]). Further, these studies are not directly comparable since they have used different countries, periods, and mortality indicators in their analyses. However, some indications about the epidemiological transition in the region can be elucidated from this extensive literature.

Frenk et al. ([@B11]) analyze the mortality profile by causes of death in Latin American and Caribbean countries in the 1980s and suggest that the countries were experiencing a different epidemiological transition model from developed countries, since it was possible to observe simultaneously a high incidence of death causes characteristic of pre- and posttransition stages (extended polarized model).

On the other hand, Soares ([@B2]), Palloni and Pinto ([@B3]), and Marinho et al. ([@B4]) summarize the contribution that reductions in some causes of deaths make to gains in life expectancy between 1950 and 2000, with a more considerable advance in the epidemiological transition in several Latin American and Caribbean countries. More recently, Dávila-Cervantes and Agudelo-Botero ([@B17]) have analyzed the contribution of avoidable deaths to the change in life expectancy in Argentina, Chile, Colombia, and Mexico, and Alvarez et al. ([@B5]) have investigated how the changes in mortality by causes of death can impact the life-span variation in a series of Latin American and Caribbean countries. These two studies conclude that avoidable deaths continue to have a major impact on mortality, but with a great disparity among countries. In addition, Alvarez et al. ([@B5]) point out that the dispersion of avoidable deaths through the age span makes the most substantial contribution to the gap between the Latin American and Caribbean countries and developed countries.

The objective of this study is to examine the mortality profile of adults (15 to 60 years old) by cause of death in 10 Latin American countries from 2000 to 2016. The effect of each cause of death will be calculated as the hypothetical gain in the average number of years lived in adulthood, using cause-deleted life tables. Thus, this paper seeks both to broaden the understanding of the adult mortality profile and its recent changes and to provide evidence that may contribute to the discussion about the process of increasing longevity in these countries.

MATERIALS AND METHODS
=====================

This study followed a longitudinal ecological design that analyzed the temporal evolution of mortality by cause of death in the average number of years lived in adulthood at the national level.

Data
----

Mortality data quality in the Latin America has significantly improved in recent decades. However, the incompleteness of death counts coverage is still a problem. Therefore, age-specific mortality rates from the World Health Organization (WHO) life tables ([@B27]) were used to calculate the average number of years lived in adulthood since those rates are already corrected by the level of completeness of death counts registration. The number of deaths by cause, sex, and age group also comes from the WHO ([@B28]). Missing information on age and sex were distributed according to the observed structure for the deaths with declared age and sex.

The 10 countries selected for analysis were Argentina, Brazil, Chile, Colombia, Costa Rica, Ecuador, Mexico, Paraguay, Peru, and Uruguay. The choice of countries was made qualitatively, ensuring that the selected set had countries with different socio-economic conditions and different mortality levels. In addition, these countries together have approximately 83% of the population of Latin America ([@B29]). The data on the number of deaths by cause was not available for Colombia (2016), Costa Rica (2015 and 2016), Peru (2016), and Uruguay (2011).

The causes of deaths were classified according the International Classification of Diseases (ICD-10). The causes analyzed were diabetes (E10-E14), respiratory system diseases (J00-J99), circulatory system diseases (I00-I99), neoplasms (C00-D48), external causes (V01-Y98), HIV/AIDS (B20-B24), other infectious and parasitic diseases (A00-B99), and other causes that are not included in these first seven groups. This selection took into account their relevance within the theoretical framework of the epidemiological transition proposed by Omran ([@B9]). In addition, these causes represented around 65% of the adult deaths in the analyzed countries between 2000 and 2016 ([@B27]).

Also, the study assumes that the age at entry in adulthood could be set at 15. At this age, low mortality levels in childhood are replaced by increasing risks seen in young adults. Finally, the study covers an important age range, up to age 60, but avoids problems that are common in working with old-age mortality.

The average number of years lived in adulthood
----------------------------------------------

Adult mortality was investigated in terms of the average number of years lived in adulthood, as proposed by Hoem ([@B30]). Very similar to the concept of life expectancy, this indicator can be interpreted as the average number of years that each individual expects to live from age 15 to age 60 if he or she has experienced the prevailing mortality rates during the period. This indicator can be expressed by the ratio between two life table functions, ${}_{45}e_{15}^{0} = \frac{{}_{45}L_{15}}{l_{15}}$, where $\ _{45}L_{15}$ represents the number of person-years lived between the ages 15 and 60 ($\ _{45}L_{15}$) and $l_{15}$ represents the number of people living at age 15.

Contrasting the life expectancy at age x, the average number of years lived in adulthood has a maximum value. If there is no death in a population between the ages of 15 and 60, the value of this indicator will necessarily equal 45 years. It is useful to both analyze countries over time comparatively and to examine how close to or distant from this limit they are.

Cause-deleted life tables analysis
----------------------------------

The effect of each cause of death on total mortality was calculated as the hypothetical gain in mortality when the mortality rates of a particular cause of death are arbitrarily set to equal zero and the mortality force for all other causes remains constant, using a cause-deleted life table. Therefore, all life table functions are recalculated considering this hypothetical suppression of each cause of death. In addition, the effect of each cause of death on the average number of years lived in adulthood can be calculated based on these new functions. The cause-deleted life table results were presented in terms of percentage gains in the average number of years lived in adulthood, making it possible to compare different mortality levels among countries and over time.

The results from a cause-deleted life table should be viewed as a counterfactual exercise and not an epidemiological forecast. Although the complete elimination of a cause of death is unlikely in current medical circumstances, this type of analysis may be useful for planning, prevention, and disease management ([@B31]).

RESULTS
=======

Adult mortality in Latin American countries
-------------------------------------------

[Figure 1](#fig01){ref-type="fig"} (males) and [Figure 2](#fig02){ref-type="fig"} (females) show the average number of years lived in adulthood from 2000 to 2016. Costa Rica and Chile present the highest average number of years lived in adulthood, while Colombia has the lowest average number of years among males, and Paraguay has the lowest average number of years among females. All countries have experienced an increase in adult longevity in the period analyzed, converging more and more towards the theoretical limit of the average number of years lived in adulthood (45 years). In 2000, the difference between the theoretical limit and the highest observed average number of years lived in adulthood, in Chile, was 1.82 years among males and 0.79 years among females. In 2016, the difference was only 1.49 years among males and 0.68 years among females.

The improvements over the period varied among the 10 countries. Costa Rica, Chile, and Uruguay had small increases in the average number of years lived compared to the other analyzed countries. Colombia had the fastest growth rate in adult survival among males, with the average number of years lived in adulthood increasing 1.31 years between 2000 and 2016. Ecuador had the largest improvement for females, with an increase of 0.46 years in the same period.

The increase in the average number of years lived in adulthood in Colombia was remarkable, especially among males. During the last four decades of the twentieth century, political instability, armed conflict, and drug trafficking resulted in the highest homicide rates in the world ([@B15], [@B34]). Poverty and the precariousness of health services also directly affected mortality. Since 2002, with political stability, the country has been substantially improving its social indicators and reducing its mortality levels.
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On the other hand, the average number of years lived in adulthood decreased continuously for males and females in Mexico between 2007 and 2010. Part of the increase in adult mortality rates in Mexico can be explained by the rise in violence and the mortality from chronic diseases, such as heart disease and diabetes ([@B12], [@B13], [@B16]), which will be discussed later in this article. Since 2010, the average number of years lived in adulthood has risen again in Mexico, especially due to public policies aimed at the prevention and treatment of chronic diseases.

Differences between countries have been declining over time. In 2000, the difference between the highest average number of years lived in adulthood and the lowest average number of years lived was 2.81 years for males and 1.34 years for females. By 2016, this difference was 1.84 years for males and 1.08 years for females.

Estimates of adult mortality by causes of death in Latin American countries
---------------------------------------------------------------------------

This section presents the percentage gains in the average number of years lived in adulthood if a specific cause of death had been hypothetically suppressed, based on cause-deleted life tables for males ([Figure 3](#fig03){ref-type="fig"}) and for females ([Figure 4](#fig04){ref-type="fig"}).

With the theoretical elimination of circulatory system diseases, Argentina and Brazil would have had the largest gains in the average number of years lived in adulthood among males, and Brazil and Paraguay would have had the largest gains among females. That is, the effect of these diseases in the adult mortality level is higher in these three countries than in the other investigated countries. Between 2000 and 2016, there was a reduction in the impact of circulatory diseases in adult mortality. The largest reductions were in Argentina, Brazil, and Ecuador for males and in Brazil, Ecuador, and Paraguay for females. Mexico is the only country in which there was increased participation of these diseases for adult males over time.

With the theoretical elimination of neoplasms, Argentina and Uruguay would have had the largest gains in the average number of years lived in adulthood among males, and Paraguay and Peru would have had the largest gains among females. Costa Rica and Chile would have had the smallest gains. Neoplasm trends vary significantly among countries. Between 2000 and 2016, Colombia, Costa Rica, Ecuador, and Peru would have had an increase in the gains in the average number of years lived in adulthood among males with a hypothetical elimination of neoplasm mortality, while the other countries would have shown a decrease in the gains. Only Colombia and Costa Rica would have had an increase in the gains in the average number of years lived in adulthood among females.

The effect of diabetes mellitus on the average number of years lived in adulthood is small as compared to the effect of circulatory diseases and neoplasms. However, one point that deserves to be highlighted is the large differential in diabetes mortality. If the diabetes mortality rates were arbitrarily zero, the gains in the average number of years lived in adulthood in Mexico would be twice as large as the gains in other countries among males, and 1.3 times as large as the gains in other countries among females. Chile and Uruguay would have had the lowest survival gains if diabetes had been suppressed for both sexes. Between 2000 and 2016, the diabetes effect on the average number of years lived in adulthood increased in Mexico, Paraguay, Peru, and Uruguay. For other countries, this effect remained stable or dropped slightly.
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In the case of respiratory diseases, Peru would observe the largest gains in adult survivorship, while Chile and Costa Rica would have the smallest gains. Between 2000 and 2016, Argentina, Colombia, Mexico, and Paraguay showed an increase in the participation of these causes among males; Argentina, Peru, and Uruguay presented an increase among females.

External causes also play an important role in adult mortality in Latin America, becoming the cause that kills more adult men in the region. Brazil, Colombia, Ecuador, Paraguay, and Mexico would have had the largest gains in survival if these causes had been suppressed in a cause-deleted life table. The effect of these causes in Colombia in 2000 was very high because of the armed conflict. From 2000 to 2016, only Mexico, Peru, and Uruguay would have had an increase in the gains in the average number of years lived in adulthood if external causes had been suppressed. The reduction of the impact of external causes would have been more pronounced for Colombia, Ecuador, and Paraguay than for the other countries.

It is worth noting that the effects of external causes on male mortality are dramatically higher than the effects on female mortality. In Brazil and Colombia, for example, the gains in the average number of years lived in adulthood would be seven times higher among men than among women.

The effect of HIV/AIDS and other infectious and parasitic diseases on adult mortality is substantially lower than the effect of other causes of deaths in Latin America. Brazil would present the largest gains in the number of years lived in adulthood in suppressing HIV/AIDS for both sexes, while Ecuador and Peru would present the largest gains in the number of years lived in adulthood in suppressing the other infectious diseases. For both HIV/AIDS and other infectious diseases, Chile would have the smallest gains in the average number of years lived in adulthood.

HIV/AIDS and other infectious diseases present more fluctuations over time than do chronic degenerative diseases. However, it is possible to see a general trend for adult mortality. Between 2000 and 2016, only Colombia, Ecuador, and Paraguay would have experienced an increase in the gains in the average number of years lived in adulthood when HIV/AIDS mortality rates were arbitrarily zero. For other infectious diseases, it is possible to observe a reduction in the gains in the average number of years lived in adulthood for all the investigated countries from 2000 to 2016.

DISCUSSION
==========

Despite the considerable heterogeneity in adult mortality in Latin America, the countries analyzed in this study can be divided into two groups ([@B1], [@B2], [@B3], [@B4]). One group comprise the precursor countries in the process of demographic transition, such as Argentina, Chile, Costa Rica, and Uruguay, which present the highest average number of years lived in adulthood. The second group are the trailing countries, such as Brazil, Colombia, Ecuador, Mexico, Paraguay, and Peru, with the lowest average number of years lived in adulthood.

Although adult mortality levels are very different among the countries, the pattern of mortality by cause of death is very similar. All the countries are in the intermediate stages of the epidemiological transition, with chronic degenerative diseases being predominant. Among males, circulatory system diseases and external causes are the most important causes of death in terms of the average number of years lived in adulthood. Among females, the leading causes are the circulatory system diseases and neoplasms.

Palloni and Pinto-Aguirre ([@B3]) observed that adult mortality from chronic degenerative diseases was beginning to fall in the precursor countries, especially in Chile and Costa Rica, but it continued to rise in the trailing countries between 1950 and 2000. With the exception of Mexico, in all our study countries mortality from circulatory diseases declined between 2000 and 2016. In addition, the precursor countries already showed a marked reduction in the contribution of neoplasms to adult mortality.

The impact of diabetes mortality is relatively lower than the impact of the other chronic degenerative causes mentioned here. However, its relevance to adult mortality in Mexico is noteworthy, given that it is significantly larger than in other countries. This finding corroborates other studies that discuss the effect of diabetes on the evolution of life expectancy in Mexico ([@B13], [@B16]).

One of the explanations for the predominance of chronic degenerative diseases in adult mortality is the population aging due to the demographic transition taking place in the Latin American countries since the 1970s ([@B34]). However, the transformation in the epidemiological profile goes beyond the change in the age profile of the population. It also includes important changes in adult mortality in terms of the average number of years lived in adulthood. This indicator is not influenced by age structure ([@B30]). Several studies have provided evidence that socioeconomic conditions and lifestyle changes have been important drivers of adult mortality trends in Latin America in recent years ([@B2], [@B3], [@B4], [@B12], [@B13]).

Primary health care services have expanded in some Latin American countries in recent years. However, health service preventive care for individuals with chronic conditions is still a challenge due to fragmentation, low efficiency, and limited response capacity ([@B18], [@B32], [@B33]). This discussion is even more germane in Brazil, where circulatory system diseases have a more significant impact than in other countries.

Another critical obstacle to reducing adult mortality in Latin American countries is external causes. Poverty, social inequality, economic instability, and drug trafficking sustain high levels of violent mortality ([@B14], [@B15], [@B18], [@B35]). In recent decades, various endeavors have helped reduce poverty and alleviate social inequalities in Latin America. These efforts have included social education policies, conditioned income transfer policies such as Oportunidades in Mexico and Bolsa Família in Brazil, and the strengthening of national labor markets. However, the adoption of multisectoral policies that consider violent mortality simultaneously as a social and public health problem is still a challenge for all the countries in the region ([@B33], [@B35]).

The study has some limitations that need to be acknowledged. The first limitation concerns the quality of mortality data for all Latin American countries. Age-specific mortality rates from WHO life tables are already adjusted for death records coverage, but there may still be a problem in classifying causes of death. Therefore, to minimize this problem, the analysis focused on the most recent periods. The second limitation concerns the generalization of results for the region as a whole. Although our country selection sought to ensure social, demographic, and economic heterogeneity, any generalization can be biased and must be done carefully. Finally, cause-deleted life tables are a hypothetical analysis of what would happen to mortality if a particular cause was eliminated. Nevertheless, they are an important approach for understanding the epidemiological transition in the region.

Conclusion
==========

The study highlights the changes in mortality by causes of death in a series of Latin American countries and how these changes might impact the evolution of the average number of years lived in adulthood. Some studies have pointed out that Latin America presents severe difficulties in moving through some phases of this transition, given the continuing high rates of violent deaths and the high mortality rates from chronic diseases. Between 2000 and 2016, there was a convergence among the 10 countries analyzed here around the theoretical limit of the average number of years lived in adulthood. However, the trailing countries are still further away from this limit, but with an enormous potential to increase the years lived in adulthood in the future.
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